Microsatellites are a rich and readily assayed source of variation for genetic and evolutionary studies. Recently, simple sequence repeats have been identified in the chloroplast genomes of pine (Powell et al. 1995b) and rice (Provan et al. 1996) , and also in the cultivated soybean (Glycine max: Leguminosae) and its wild congeners (Powell et al. 1995a ). The chloroplast genome has seen wide use in plant systematic studies, but its utility is often limited at lower taxonomic levels by the low amount of divergence frequently observed among closely related taxa (Olmstead and Palmer 1994) . Hypervariable chloroplast microsatellites could therefore find wide use if they were shown to be reliable markers for chloroplast phylogeny. As is true with any character, the utility of a given microsatellite in revealing relationships is limited if identical states can arise independently in different taxa-if ''size homoplasy' ' (Estoup et al. 1995) occurs.
analyzed. Two microsatellite loci were surveyed: (1) soycp, a compound mononucleotide repeat of sequence (T) n (G) m at the trn HIS locus; and (2) rp19, a simple microsatellite, (A) n , within the rps19 gene. Methods were those of Powell et al. (1995a) . Considerable size variation was observed at both loci among and within haplotypes identified on the basis of restriction site data ( fig.  1 ). Thus, these microsatellites provide an additional source of variation in these relatively conservative chloroplast genomes, most of which are estimated to differ by less than 0.1% at the nucleotide sequence level (Doyle, Doyle, and Brown 1990a) .
Microsatellite size homoplasy was assessed using two phylogenetic approaches. First, we compared the distribution of microsatellite sizes with the haplotype phylogeny hypothesized from restriction mapping studies (Doyle, Doyle, and Brown 1990b ; based on 27 fully mapped accessions and a sampling of key synapomorphies for the remaining 57 accessions) by simply mapping microsatellite sizes on the restriction site haplotype tree. This provides a maximum estimate of any disagreement between microsatellites and restriction sites. However, relatively few restriction site characters differentiate these very closely related plastome groups, and at least some of these are homoplasious (Doyle, Doyle, and Brown 1990b) . To obtain a minimum estimate of microsatellite homoplasy, each microsatellite locus was coded as a single character, with unordered states representing size classes (eight states were observed at each locus); the resulting two characters were added to the restriction site data matrix for the relevant accessions (24 of the 27 for which the full restriction site matrix had been determined were used here); and the combined matrix was analyzed using standard parsimony search options (PAUP 3.1; Swofford 1993) . The strict consensus topology ( fig. 1 ) for the 825 equally most parsimonious trees identified in this analysis (consistency index [CI] ϭ 0.69; retention index [RI] ϭ 0.50) differed from that using restriction site data alone (Doyle, Doyle, and Brown 1990b) only in being slightly less resolved; all major clades were present. Thus, our minimum and maximum phylogenetic estimates of microsatellite homoplasy do not differ significantly.
Size homoplasy was observed at both loci. Optimization of microsatellite characters on individual mostparsimonious trees from the combined analysis (using MacClade; Maddison and Maddison 1992) ranged from 12 to 14 steps for soycp (CI ϭ 0.5-0.58; RI ϭ 0.3-0.50) and was 13 steps for rp19 (CI ϭ 0.54; RI ϭ 0.50). The actual level of homoplasy is higher than is suggested by this phylogenetic analysis, because each plastome was represented by only a single accession in the analysis FIG. 1.-Distribution of sizes at two chloroplast microsatellite loci among chloroplast genome (plastome) classes in accessions of Glycine B-genome diploid species and B-type polyploid G. tabacina. Microsatellite sizes (in bp) are shown for 54 accessions (far right column) representing plastome classes identified by Doyle, Doyle, and Brown (1990b) . Relationships among plastome classes (numbers at branch tips of the phylogenetic tree) are depicted by the strict consensus topology of 825 equally most parsimonious trees identified by phylogenetic analysis of chloroplast DNA restriction site and microsatellite variation in representative accessions (those shown in bold in the ''accessions'' column). Bootstrap replicate values (100 replicates ; Felsenstein 1985) are shown above or below branches in the tree. Remaining accessions were classified to plastome group using a subset of diagnostic restriction enzymes (Doyle, Doyle, and Brown 1990b; Doyle et al. 1990a) . Abbreviations: lat ϭ G. latifolia; mic ϭ G. microphylla; tab ϭ diploid (2n ϭ 40) G. tabacina; tab4n ϭ tetraploid G. tabacina; sp ϭ unnamed B-genome diploid species; aff ϭ unnamed B-genome diploid species (G. sp. aff. G. tabacina) having morphological affinities with G. tabacina. Numbers are CSIRO Australian Perennial Glycine Germplasm Collection ''G'' numbers. Plastome ''U'' has been found only in polyploids but has characters linking it with the clade that includes plastomes 16-22 (Doyle et al. 1990a ). Three polyploids with more distantly related A-type chloroplast genomes (Doyle et al. 1990b ) also were surveyed: tab4n 1334 and 1430 were 101/171 and tab4n 2206 was 99/171 for soycp/rp19. and thus by only one microsatellite size variant for each of the two loci. Additional homoplasy must be postulated if it is assumed that plastomes classified as part of the same group by shared restriction site profiles are indeed most closely related to each other. For example, if the 97-bp class at soycp found in tab4n 1075 is hypothesized to have arisen within plastome 10, it represents a parallelism with several other unrelated haplotypes ( fig. 1) .
Because of this homoplasy, sizes at single microsatellite loci are poor markers for the haplotypes identified within the B-plastome lineage on the basis of restriction site variation (Doyle, Doyle, and Brown 1990b) . The 147-bp class at rp19 was found in at least some accessions bearing plastomes 6, 11, 23, and 24, while the 98-bp class of soycp occurred in plastomes 9, 17-19, 23, 24, 26, 27 , and U ( fig. 1 ). In neither case does the state described appear to be ancestral, based on optimizations on the subset of shortest trees that show the lowest homoplasy for these characters. It might be expected that haplotypes defined by the joint occurrence of particular size classes at multiple loci would provide the resolution necessary to recognize haplotypes faithfully. However, this does not appear to be the case with these two loci, as can be seen most clearly when the sizes of the two loci are plotted against one another, giving a two-locus haplotype ( fig. 2) . For example, although plastome 17 was typified by the soycp/rp19 98/149-bp combination, this same two-locus haplotype was also observed in an individual belonging to plastome 27; similarly, the 98/148 haplotype occurred in plastomes 18, 19, 24, and 26. Perhaps with the addition of further microsatellite loci, a better match would be obtained with restriction site haplotypes, but this remains to be tested.
Recent studies have documented the presence of putatively homologous microsatellites among species or higher taxa in groups such as birds (Primmer, Moller, and Ellegren 1996) , turtles (Fitzsimmons, Moritz, and Moore 1995) , primates (Blanquer-Maumont and Crouau-Roy 1995; Garza, Slatkin, and Freimer 1995) , and sheep (Forbes et al. 1995) and in mammals generally (Stallings 1995) . This raises the possibility that such variable markers could be useful for phylogenetic studies. However, Garza, Slatkin, and Freimer (1995) noted that alleles of identical size were likely to be nonhomologous in different species and concluded that although microsatellite loci might be useful for constructing trees within species (e.g., humans; Bowcock et al. 1994) , ''. . . they should not be used for interspecific phylogenetic reconstruction'' (Garza, Slatkin, and Freimer 1995, p. 601) . Even within species, the hypervariability of simple repeat sequences suggests that caution should be exercised in inferring relationships from them. In studies of honeybee nuclear microsatellites, Estoup et al. (1995) noted that alleles of identical sizes occurred in lineages supported as evolutionarily distinct by molecular and morphological data. Grimaldi and Crouau-Roy (1997) observed size homoplasy among alleles of a human nuclear microsatellite locus. Size homoplasy in simple repeats of the human mitochondrial genome was documented many years ago by comparing the distribution of size variants against a parsimony tree for the same haplotypes (Aquadro and Greenberg 1983) .
We have demonstrated that chloroplast microsatellites in species of the B-genome of Glycine subgenus Glycine show considerable intraspecific and even intrahaplotype polymorphism. It was hoped that highly polymorphic microsatellite loci, used individually or in concert, could serve as reliable markers for plastome groups in surveys of the B-genome diploid species and the G. tabacina polyploids derived from them. Such markers would be simpler to use for classifying new accessions to plastome group than are the restriction sites currently required to do so, because diagnostic restriction sites are scattered around the entire 150 kb of the chloroplast genome and are recognized by various different enzymes. The need to assay only one or even a few microsatellite loci would simplify this process and thus could provide a valuable tool in ongoing population studies of the B-genome species group.
It appears that these two simple chloroplast microsatellites, although able to reveal previously undetected variation in the conservative chloroplast genome, do not faithfully represent relationships among those genomes in this group of species. If such markers cannot be used with confidence even among very closely related lineages, the warnings of Garza, Slatkin, and Freimer (1995) against using microsatellites in broader phylogenetic analyses may well be warranted.
